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We have developed MICROMEGAS (MICRO MEsh GASeous) detectors for detecting α 
particles emitted from an 
241
Am standard source. The voltage applied to the ionization region of 
the detector is optimized for stable operation at room temperature and atmospheric pressure. The 
energy of α particles from the 241Am source can be varied by changing the flight path of the α 
particle from the 
241
Am source. The channel numbers of the experimentally-measured pulse peak 
positions for different energies of the α particles are associated with the energies deposited by the 
alpha particles in the ionization region of the detector as calculated by using GEANT4 
simulations; thus, the energy calibration of the MICROMEGAS detector for α particles is done. 
For the energy calibration, the thickness of the ionization region is adjusted so that α particles 
may completely stop in the ionization region and their kinetic energies are fully deposited in the 
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region. The efficiency of our MICROMEGAS detector for α particles under the present 
conditions is found to be ~ 97.3 %. 
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I. INTRODUCTION 
The MICROMEGAS (MICRO-Mesh-Gaseous Structure) detector [1, 2] is a type of micro-pattern 
gas detector [3-5]. The advantages of the MICROMEGAS detector include the ability of selective 
detection of neutral [6-8] and charged [9] particles with a relatively high spatial resolution [10, 11] and 
its operation at room temperatures with low gamma-ray sensibilities [12, 13]. It can be fabricated in a 
large size [14, 15] at reasonable costs and can be easily implemented in many areas such as nuclear and 
high-energy physics [16-18] and medical applications [19]. It has flexibility in the choice of the top 
cathode plate material and the gas mixture in the chamber, which can be exploited to produce optimal 
performance for selective detection of different particles. For instance, the detection of neutrons by 
using a MICROMEGAS detector can be done through the nuclear reaction 
10B(n,α)7Li with 10B 
deposited on the cathode plate [6-8], where the detection of α particles (and/or 7Li) is crucial. In this 
work, we have, thus, developed a MICROMEGAS detector for detecting α particles by using 241Am as 
a calibration source. For that, we need an energy calibration of our MICROMEGAS detector for α 
particles, which can be done by measuring α particles of various energies and comparing the results 
with those of a GEANT4 simulation. 
GEANT4 simulations were done to calculate the energies of the α particles deposited in different 
regions of the MICROMEGAS detector, which enabled us to calibrate the detector, as will be described 
in Subsection III.3. As a source of α particles with variable energies, we use those from a standard 
241
Am source, and we use a gas as a degrader to change the energy. We find that the energy calibration 
can be done very well and that the detection efficiency of the detector is (97.3 ± 2.5)%. 
 
II. EXPERIMENTAL SETUP 
1. Description of the Experimental Setup 
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Figure 1(a) shows our experimental setup, and Fig. 1(b) its schematic diagram. The MICROMEGAS 
detector is a double-stage parallel-plate gaseous detector, whose schematic diagram is shown by the 
dashed squares in Figs. 1(b) and 1(c). A 
241
Am source is placed on the top of the collimator, which is 
located on the MICROMEGAS detector. The gas volume of the MICROMEGAS detector is divided 
into two regions by a thin metallic micromesh represented by the thick dashed line in Fig. 1(c). 
The upper part of the gas volume shown in Fig. 1(c) is referred to as the ionization region with a 
variable thickness DI, in which α particles ionize the gas and create electrons, the latter of which are 
then attracted to the anode in the bottom. The lower part of Fig. 1(c) is referred to as the amplification 
region with a fixed thickness DM of 50 μm. The high electric field in the amplification region between 
the micromesh and the anode causes an avalanche; thus, the number of electrons is amplified in this 
region. 
The region from just below the 
241
Am source to just above the cathode plate made of an aluminized 
mylar shall be referred to as the collimator region with the length of DC as shown in Fig. 1(b). If the 
collimator shown in Fig. 1(b) is thick, α particles need to travel a relatively long distance before they 
reach the cathode plate denoted by a thick horizontal line and enter the ionization region with thickness 
DI. By changing the thickness of the collimator, we can vary the energies of the α particles from the 
241
Am source. Therefore, the collimator is used here not only to collimate the α particles but also to 
degrade the energies of the α particles to have variable energies. Just below the collimator is a cathode 
holder, which holds the cathode plate made of aluminized mylar. Below the cathode plate is the 
ionization region. The alphas that pass through the hole in the collimator and penetrate the cathode 
plate travel through the ionization region, ionize the gas, and generate electrons and ions. 
The gas in the detector was chosen as a mixture of Ar 88% + CF4 10% + iso-C4H10 2% [9, 11, 20] 
through GARFIELD simulation studies [21]. The generated electrons are accelerated toward the anode 
through the thin micromesh. In the amplification region which has the thickness DM of 50 μm, the 
electric field is strong enough to give rise to an avalanche, increasing the number of electrons 
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exponentially. The amplified electrons are collected in the anode plate. 
By changing the length of the collimator region from DC = 5.7 to 31.7 mm in the experiment, we 
varied the energy of the α particle entering the ionization region, which will be measured by using an 8 
K multi-channel analyzer (MCA). We also varied the length DI of the ionization region from DI = 4 to 
26 mm for measuring the energies of the α particles. If DI is not long enough, α particles may not stop 
in the ionization region and may leave the MICROMEGAS detector with part of their energy carried 
away. If DI is long enough, an α particle will stop in the ionization region and will fully deposit its 
kinetic energy in the ionization region, which we can use to calibrate the MICROMEGAS detector. 
The data acquisition was done by using an ORTEC ASPEC-927 multi-channel analyzer and the 
Maestro-32 program. The read-out electronics consists of a CAEN N471A power supply, an ORTEC 
142PC pre-amplifier, an ORTEC 672 amplifier, and a Tektronix digital oscilloscope TPS2024. 
 
2. 
241
Am Source and Collimators 
241
Am decays to 
237
Np, emitting an α particle with energies of ~ 5.485 MeV (~ 85 %), ~ 5.443 MeV 
(~ 13 %) and 5.388 MeV (~ 0.016 %) [22]. We used an 
241
Am source (3.585 kBq) purchased from 
Eckert & Ziegler, USA (item number EAB-241-PL), which had the shape of a flat circular dish with a 
rim. The diameter of the active area of the source is 45 mm, as shown in Fig. 2(b). α particles are 
emitted in random directions from the surface of the active area. Because α particles are randomly 
emitted from the 
241
Am source as illustrated in Fig. 4 of Ref. 23, we install collimators to collimate 
them. The collimator is made of polyethylene and has a hole of diameter of 2 mm in the center, as 
shown in Fig. 2(a). Figure 6 of Ref. 23 shows that the energies of the α particles from the 241Am source 
decrease as the flight path from the source gets longer in air. In Ref. 24, the installation of a collimator 
with a thickness of 6 mm is also shown to be able to induce a certain angular distribution in the fluence 
of the α particles from the 241Am source. By using this feature, we were able to vary the energies of the 
α from the source by installing collimators of different thicknesses. 
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The distance from the active surface of the 
241
Am source to the upper surface of the collimator is 
given by the height of the rim of the source (2.7 mm), as shown in Fig. 1(b). If we use a collimator with 
a thickness of 2 mm, the total distance (DC) of the collimator region from the source to the cathode 
plate is a sum (5.7 mm) of the height of the source rim (2.7 mm), the thickness of the collimator 
material (2 mm), and the thickness of the cathode holder (1 mm), as shown in Fig. 1(b). We shall 
change the thickness of the collimator material from 2 to 28 mm, so that DC changes from 5.7 to 31.7 
mm. 
 
3. Simulation Tools 
GEANT4 [25, 26] simulations were performed on the propagation of α particles from the 241Am 
source to various regions of the detector to estimate the energies of the α particles in different regions 
of the detector. In this work, GEANT4 version 10.00.p02 was used. The energy bin for scoring an α 
particle was taken as 0.02 MeV. Figure 3 shows the geometry and a snapshot of the propagation of an α 
particle from the 
241Am source through the collimator hole. Most α particles are stopped by the 
collimator, as represented by the dots in Fig. 3. The solid lines represent the tracks of α particles 
released from the surface of the 
241
Am source and passing through a collimator hole of 2-mm diameter. 
 
III. RESULTS 
1. Optimization of the Applied Voltages 
We first optimized the voltages applied to the MICROMEGAS cathode, micromesh, and anode. In 
the optimization procedure, we used a 2-mm-thick collimator (thus, DC = 5.7 mm) with a fixed electric 
field EI = VI /DI = 0.25 kV/cm (with VI = 100 V and DI = 4 mm) for the ionization region and let the 
voltage difference (VM) on the micromesh vary from -170 to -280 V. (See Fig. 1 (c) for VI and VM.) 
The amplitude of the output voltage was measured while checking the peak position with a MCA. The 
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measured output voltage is plotted in Fig. 4(a) as a function of the electric field strength EM = VM /50 
μm in the amplification region. As EM increases from 26 to 56 kV/cm (or VM = -130 ~ -280 V), the 
amplitude of the output voltage increases exponentially for all different values of DI, as shown in Fig. 
4(a). 
The same output voltage is plotted in Fig. 4(b) as a function of DI for various values of EM. The 
output voltage is seen to increase linearly as a function of DI from 4 to 20 mm. Therefore, the output 
voltage can be nicely fitted by using the following expression as a function of DI and EM: 
V = EI0  DI   ,                                                            (1) 
where the constants EI0 = (1.31 ± 0.08) V/cm and EM0 = (7.24 ± 0.08) kV/cm are independent of EM 
and DI. Equation (1) shows that while the output voltage increases exponentially with respect to the 
electric field EM in the amplification region, it increases linearly with respect to the length of the 
ionization region DI. This linear dependence of V on DI is, however, valid only for small values of DI. 
Once DI becomes large enough to completely stop the incident alpha, the linear dependence will no 
longer hold. 
Next, we fixed the electric field in the amplification region as EM = 36 kV/cm, which is around the 
middle of the range of 26 kV/cm < EM < 56 kV/cm (Fig. 4(a)), varied the voltage difference (VI) in the 
ionization region from -5 to -820 V, and measured the output voltage. Figure 4(c) shows a plateau of 
the output voltage for various lengths (DI) of the ionization region. This plateau corresponds to the 
maximum generation of primary electrons in the ionization region and maximum transmission through 
the micromesh [27]. The electric fields corresponding to the plateau for various values of DI are given 
in Table 1. The optimal range of electric fields common to all the lengths of DI from 4 to 20 mm is 
around EI = 0.18 ~ 0.35 kV/cm. We, thus, chose the electric field for the ionization region as EI = 0.18 
~ 0.35 kV/cm and the electric field for the amplification region as EM = 36 kV/cm for the experiments 
to be discussed henceforth. 
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2. Simulations 
For the energy calibration of our MICROMEGAS detector, we need to know how much energy of 
the incident alpha is deposited in the ‘ionization’ region, because that is what is measured 
experimentally. To estimate the energy deposited by the α particles in the ionization region, we 
performed GEANT4 simulations for different thicknesses of the collimator. By comparing the energy 
deposit estimated by the GEANT4 simulations with the experimentally measured channel numbers for 
the pulse peak positions, we were able to do an energy calibration. 
In the estimate of the energy deposited by the α particles in the ionization region, we need to know 
the kinetic energy of the α particles and the energy deposited by the α particles in each component of 
our MICROMEGAS detector. Let us denote the upper surface of the cathode plate by S1 and the lower 
surface of the cathode by S2, as shown in Figs. 1(b) and 1(c). The α particles from the 
241
Am source 
arrive at the upper surface S1 and lose part of their energy in the cathode plate made of a 12-μm-thick 
mylar plate with 100 nm of aluminum deposited on the mylar. After losing part of its energy in the 
cathode plate, an α particle leaves the aluminized mylar cathode through the surface S2. Figure 5(a) 
shows the calculated energies (Eα) of the α particles entering S1 (denoted by the empty circles) and 
leaving S2 (denoted by the empty diamonds) for various thicknesses (DC) of the collimator region 
ranging from 5.7 to 27.7 mm. (Note that the maximum value of DC was chosen as 31.7 mm for the 
experiments as was mentioned in Subsection II.1 and will be discussed in Subsection III.3, but that of 
DC for simulations was 27.7 mm.) The (red) horizontal dotted line denotes the initial alpha energy of 
5.485 MeV as mentioned in Section II.2. Figure 5(a) shows that Eα at S1 and S2 decreases as DC 
increases, which shows that the gas in the collimator plays the role of a degrader. Eα at S1 is roughly ~ 
2 MeV higher than that at S2; thus, about 2 MeV is lost inside the cathode plate. 
Let us denote the energy loss of an α particle in the collimator region by ΔEC, that in the cathode 
plate by ΔEP, and that in the ionization region by ΔEI (see Fig. 1(b)). ΔEC is the difference between the 
initial energy (5.485 MeV) of an α particle and Eα at S1. In Fig. 5(b), ΔEC is plotted for various values 
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of DC. ΔEP is the difference between Eα at S1 and Eα at S2, which is about 2 MeV, as plotted in Fig. 5(c) 
by the empty triangles for various values of DC. 
In Fig. 5(d), the values of ΔEI are plotted for DI = 12, 16, 20 and 26 mm. For DI = 12 mm, ΔEI 
plotted by using the squares, increases as DC increases and approaches the value of Eα at S2 (denoted by 
the empty diamonds) when DC becomes 19.7 mm or longer. This means that when the sum (DT) of DC 
(19.7 mm) and DI (12 mm) becomes 31.7 mm or longer, the α particle loses all of its kinetic energy (Eα) 
at S2 in the ionization region and stops there. For DI = 16 mm, the deposited energy, plotted as circles, 
agree with the values of Eα at S2 if DC becomes 14.7 mm or longer. This means again that when DT = 
DC (14.7 mm) + DI (16 mm) = 31.7 mm or longer, all the kinetic energy (Eα) of the α particle at S2 is 
lost in the ionization region, and the α particle stops there. The same behavior can be observed for DI = 
20 mm. For DI = 26 mm, even at the smallest value of DC = 5.7mm, DT is already 31.7 mm, and indeed 
the inverted triangles in Fig. 5(d) overlap with the empty diamonds, which shows that Eα at S2 is fully 
deposited in the ionization region and that the length of DT = 31.7 mm is critical for the α particle to 
stop and lose all of its energy in the ionization region so that the ionization region can play the role of 
an electromagnetic calorimeter. In such a case, the calibration of our detector can be done.  
In Fig. 5(e), the sum (ΔET) of ΔEC, ΔEP, and ΔEI is plotted as a function of DC for various values of 
DI. For DI = 12 mm, ΔET agrees with the initial energy (5.485 MeV) of the α particle as denoted by the 
horizontal dotted line when DC = 21.7 mm, at which DT = 33.7 mm. For DI = 16 mm, ΔET becomes the 
initial energy of the α particle when DC = 17.7 mm, at which DT = 33.7 mm again. This shows that for 
all the values of DI, ΔET becomes the initial energy of the α particle when DT = 33.7 mm. (Note that 
ΔET agrees with the initial energy of the α particle when DT = 33.7 mm whereas ΔEI becomes Eα at S2 
when DT = 31.7 mm because ΔEC and ΔEP keep increasing as DC increases.) Thus, the energy 
calibration of our MICROMEGAS detector can be done for α particles by matching the measured 
channel number of pulse peak positions with the energy of the α particle deposited in the ionization 
region as long as the α particle stops and loses all of its energy (Eα at S2) in the ionization region. 
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In Figs. 6 (a) and (b), Figs. 5 (d) and (e) are plotted again, but as a function of DT (= DC + DI) instead 
of DC. Thus the curves in Fig. 5 (d) and (e) are shifted in Figs. 6 (a) and (b). For the various values of 
DC from 5.7 to 27.7 mm, by varying DI from 12 to 26 mm, the value of DT is changed from 17.7 to 53.7 
mm. Figure 6(a) shows that the deposited energy ΔEI becomes maximum when DT = 31.7 mm for 
various combinations of DI and DC. If DT is less than 31.7 mm, the α particle does not stop in the 
ionization region and leaves the detector with part of its energy being carried away with it. If DT is 
larger than 31.7 mm, the α particle loses much of its energy in the collimator region before entering the 
ionization region and, thus, loses less energy in the ionization region, which explains the maximum 
peak of ΔEI at DT = 31.7 mm. 
In Fig. 6(b), the sum (ΔET = ΔEC + ΔEP + ΔEI) of the energy losses are plotted for DI = 12, 16, 20, 
and 26 mm when DC is fixed as 19.7 mm. ΔET is small for small values of DT but becomes the initial 
energy of the α particle (5.485 MeV) at DT = 33.7 mm or longer. This shows that a value of DT of 33.7 
mm is needed for an α particle to lose all of its incident energy in the volume of the detector. 
For the energy calibration of our MICROMEGAS detector, we need to correlate the amount of 
energy deposited in the ‘ionization region’ with the MCA channel numbers corresponding to the pulse 
peak. If an alpha does not stop in the ionization region and leaves the detector with part of its incident 
energy carried away with it, only part of the incident energy of the alpha is deposited in the ionization 
region and is measured by the MCA. In that case, we cannot identify the incident energy of the alpha 
because the missing energy is unknown. Therefore, the length of the ionization region needs to be large 
enough to completely stop the alpha in the ionization region. 
Figure 6(a) shows that for various combinations of DC and DI, ΔEI becomes maximum when DT = 
31.7 mm. Thus, to calibrate our MICROMEGAS detector, we can associate the deposited energies 
(ΔEI) of the alpha in the ionization region obtained with DT = 31.7 to 53.7 mm with the channel 
numbers corresponding to the pulse peak positions, which will be discussed in the next subsection. 
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3. Experiments 
We obtained the MCA spectrum of α particles for different values of DC. The thickness of the 
ionization region is chosen as DI = 12 mm because it is around the middle of the range of DI. (See Fig. 
4(b).) The spectra were taken with the fixed voltages (VI = -300 V and VM = -180 V), but by changing 
DC from 5.7 to 31.7 mm. Figure 7(a) shows that the peak of the measured spectra moves to higher 
channel numbers as DC increases from 5.7 to 17.7 mm. This shows that more energy is deposited in the 
ionization region as DC increases. This is partly because for smaller values of DC, the α particle escapes 
the ionization region with part of its energy being carried away with it. However, as DC increases 
further from 19.7 to 31.7 mm, the channel numbers for the pulse peak positions move back to lower 
channel numbers, as seen in Fig. 7(b). This means less energy is deposited in the ionization region as 
DC increases further from 19.7 mm. In other words, when the thickness of the collimator is 19.7 mm, 
the channel number for the pulse peak position is at its maximum. For DI = 12 mm, DT becomes 31.7 
mm when DC is 19.7 mm. As already demonstrated in Figs. 5 and 6, the GEANT4 simulation shows 
that at DT = 31.7 mm, ΔEI is at its maximum. Therefore, the value of DT at which the experimental 
channel number is at its maximum agrees with that obtained from GEANT4.  
When the thickness of the collimator region increases further from 19.7 to 21.7 mm, the peak 
position shifts back to lower channels because the flight path of an α particle in the ‘collimator’ region 
is so large that the α particle loses much of its energy before entering the ionization region. (See Fig. 
5(b), which shows ΔEC = ~ 1.5 MeV when DC = 19.7 mm and ΔEC = ~ 2.2 MeV when DC becomes 
27.7 mm.) Thus, if DC becomes larger than 19.7 mm with DI = 12 mm, the flight path of an α particle 
in the ‘ionization’ region becomes shorter and the energy loss of an α particle in the ionization region 
becomes less. This experimental result is consistent with the simulation results shown in Fig. 5(d), 
which shows that ΔEI is at its maximum when DC is 19.7 mm. 
In Fig. 8(a), we plotted ΔEI calculated from simulations against the channel numbers of the 
measured pulse peak positions for DI = 12, 16, 20, 26 mm, which correspond to DT = DC + DI = 17.7 to 
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53.7 mm. The relation between ΔEI and the channel number shown in Fig. 8 (a) is well represented by 
a straight line 
ΔEI (MeV) = (5.92 ± 0.10) × 10
-4
  N + (0.29 ± 0.04) × 10-1,                             (2) 
where N is the channel number for the pulse peak position. This relation allows us to convert the 
channel number of the measured pulse peak position to the energy deposited by the α particle in the 
ionization region or the energy of the α particle incident on the ionization region. By using this relation, 
we experimentally determined the energy of the α particle for various values of DI and DC, and we plot 
the result in Fig. 8(b) by using solid symbols with dotted curves connecting them. The deposited 
energies calculated by using GEANT4 are also plotted in Fig. 8(b) by using open symbols with solid 
lines connecting them. For all the values of DI, the experimentally-obtained energies of the α particle 
plotted by using the empty symbols agree well with the simulated deposited energies plotted by using 
the solid symbols. 
Therefore, for the given gas mixture, the materials and the thickness of the cathode and the 
ionization region at room temperature and atmospheric pressure, the energy of the α particle incident 
on the ionization region can be determined by using Eq. (2). By adding ΔEC and ΔEP to the measured 
energy ΔEI, we can obtain the initial energy of the α particle. 
 
4. Intrinsic Efficiency 
The intrinsic efficiency of the MICROMEGAS detector for charged particles is reported as 95 ~ 
99 % [1, 2, 18, 19]. To check the intrinsic efficiency of our MICROMEGAS detector for α particles, 
we compared our experimental results with the GEANT4 simulation results. The geometry of our 
MICROMEGAS detector was configured as in Fig. 1(b). While the value of DI was fixed as 20 mm, we 
simulated the number of α particles entering the surface S1 by changing the value of DC from 5.7 to 
27.7 mm. We measured the number of counts of α particles from the MCA. The intrinsic efficiency of 
our MICROMEGAS detector may be defined as the ratio of the measured counts of α particles to the 
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calculated number of α particles entering the ionization region through S1 for different values of DC. 
For the present conditions of using the 
241
Am source (3.5 kBq) and the geometry of our 
MICROMEGAS detector, its average efficiency for detecting α particles is found to be (97.3 ± 2.5)%. 
We also estimated the number of α particles passing through the surface S2. The ratio of the measured 
counts of α particles to the calculated number of α particles passing through the surface S2 for different 
values of DC is (98.3 ± 1.8)%. The latter number is 1% larger than the intrinsic efficiency of 97.3% and 
is due to the loss of α particles in the cathode plate. 
IV. Summary 
We have developed a MICROMEGAS detector to measure the energy spectrum of the α particles. 
Variable incident energies of the α particles from the 241Am source were obtained by changing the 
flight path of the α particles in the gas of the MICROMEGAS detector. The channel numbers for the 
measured pulse peak positions obtained by using different energies of the α particles agree well with 
the energy of the α particles deposited in the ionization region as calculated by GEANT4 simulations. 
The calibration of the MICROMEGAS detector for α particle has been done successfully. The 
efficiency of the MICROMEGAS detector for α particles has been found to be (97.3 ± 2.5)% under the 
present conditions. 
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Table  1. Ranges of the electric fields corresponding to the plateau for various lengths of the ionization region 
(DI). 
DI (mm) EI (kV/cm) 
4 0.05 - 0.35 
8 0.10 - 0.35 
12 0.08 - 0.35 
16 0.14 - 0.35 
20 0.18 - 0.35 
 
 
 
Figure Captions. 
Fig. 1. (a) Experimental set-up, (b) schematic diagram of the experimental set-up, and (c) schematic 
diagram of the MICROMEGAS detector are shown. 
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Fig. 2. Photos showing the 
241
Am α source (a) with and (b) without a collimator on its top. 
 
 
 
Fig. 3. Snapshot of the propagation of α particles through the collimator hole by using the GEANT4 
code. 
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Fig. 4. (a) The output voltage obtained with α particles from the 241Am source for different values of DI 
when the electric field in the ionization region is fixed as EI = 0.25 kV/cm. (b) The same output voltage 
is plotted as a function of DI for each value of EM. (c) The output voltage is plotted as a function of the 
electric field in the ionization region (EI) for different values of DI with the electric field in the 
amplification region fixed as EM = 36 kV/cm. 
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Fig. 5. (a) Calculated values of Eα at S1 and S2 are plotted as a function of DC by using the empty 
circles and the empty diamonds, respectively. (b) The energies deposited by the α particles in the 
collimator region (ΔEC), (c) the energies deposited by α particles in the aluminized mylar cathode 
(ΔEP), (d) the energies deposited by α particles in the ionization region (ΔEI), and (e) the sum of the 
deposited energies (ΔET) are plotted for different values of DI as a function of DC. 
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Fig. 6. (a) Energies deposited by α particles in the ionization region (ΔEI) and (b) the sum of the 
deposited energies (ΔET) are plotted as functions of DT for different values of DI. 
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Fig. 7. MCA spectra (a) when DC increases from 5.7 to 17.7 mm (i.e., when DT increases from 17.7 to 
29.7 mm) and (b) when DC increases further from 19.7 to 31.7 mm (i.e., when DT increases from 31.7 
to 43.7 mm). 
 
 
Fig. 8. (a) Relation between the deposited energies ΔEI and the channel numbers for DT = 17.7 ~ 53.7 
mm, and (b) a comparison of the converted results with the simulation results for different thicknesses 
of the ionization region (DI = 12 ~ 26 mm) when DC = 5.7 mm. 
 
